Phospholipase-C and Na-K ATPase activation by cyclosporine and FK506 in LLC-PK1, cells. Possible implications in blood pressure regulation.
Enhanced Na+ and water reabsorption by proximal tubular epithelial cells plays an important role in the development of systemic hypertension associated with cyclosporine immunosuppression. Since such Na+ reabsorption is subserved by sodium-potassium adenosine triphosphatase (Na-K ATPase), the current study compared the acute effects of hydrocortisone (H), cyclosporine, and FK506 on cultured LLC-PK1 cell viability and on Na-K ATPase activity. Phospholipase-C (PL-C) activity was also investigated because of its possible regulatory effect on Na-K ATPase activity. Culture medium containing low (5 nM, 4.1 ng/ml) or high (10 nM) concentrations of FK506 plus cyclosporine at 415 microM (500 ng/ml) resulted in cell death, whereas cyclosporine concentrations of 83 microM plus 5 nM or 10 nM FK506, or isolated use of the two drugs at high dosages, did not affect cell viability. As compared with controls, cyclosporine increased Na-K ATPase activity, particularly with addition of H (P less than 0.01). In contrast, FK506 reduced the specific activity of both PL-cyclosporine and Na-K ATPase (P less than 0.001-0.01); addition of H to FK506 resulted in an even greater fall in both the enzyme activities (P less than 0.001). Na-K ATPase activity increased in cell homogenates briefly incubated with cyclosporine in the ATPase reaction mixture (P less than 0.05) while FK506 reduced such enzyme activity (P less than 0.05), suggesting a direct effect of these agents on pump activity. These data in LLC-PK1 cells pocessing proximal tubular epithelial cell characteristics indicate that the combined use of cyclosporine plus FK506 may be very deleterious to viability in such cells. The opposing effects of cyclosporine and FK506 on PL-cyclosporine and Na-K ATPase activities and the possible potentiating effect of H on such responses are speculated to affect Na+ and water homeostasis in a manner that may explain differences in systemic blood pressure due to these agents.